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Effect of absorption of impurity-doped 1D phontonic crystal
on its elastic wave defect mode

DAI Hong-Xia LIU Qi-Neng
(Calculator Science College of Chongging Technology and Business University, Chongging 400067)

Abstract  For studying the influence absorption of a 1D photonic crystal on its defect
mode,a complex wave number is adopted, the transfer matrix of the impurity-doped 1D
photonic crystal is inferred, and the influence of attenuation coefficient and the period number
on the defect mode is calculated. When the period number is specified, the attenuation
coefficient has obvious influence on the defect mode in the transmission wave and the
reflection wave; the peak value of the defect mode decrease quickly while the FWHM of the
defect mode increases with increase of attenuation coefficient increment. When the attenuation
coefficient is specified, loth the peak value and the FWHM of the defect mode lower quickly
with increase of the period number.

Key words  Photonic crystal, Transfer matrix, Defect mode, Attenuation coefficient

1 §i

il

T REEAED Y, M.S Kushwsha A\ T
19934E4R H 7 B T RiEHNEER. prigs 7
4k19874ES. JohnFE. Yablonovitch$2 i Sl 2 225 B A s v o S0 2 A A4 i)

2008-09-08 iks; 2008-12-17 F /4
ERTTEFT H 24 R B(KI080720)  BEmTR L S A B B TR R O E A H & E07011302) % B
EER M RBE969-), &, BRATA, Wit, B8R, AEXFESHLYEWR.
XA RE(1957-), B, #i%.
"RIRYE B AP B, E-mail:fangyudhx @yahoo.com.cn



460 &ﬂff

2009 £ 11 A

NG R BRT L FRPE AL P T R AR AR FR AT
5N RARSEHREMEAER, M
ERUT A T B H LR
. HTRMAE TSR aEH ™ L2
M HI R R R, R TR IsEDR
FHEZHNARR, WEER. RERE
B RIS, XERNE T R RR R
FA A4 R B i 1,

{H7E_E RIS R () SOk = #R 4T A 7 ik i
FHEHE g 3 38 15 9 5€ 4 TE W e 9 #F oR b
B, fuskhr b i T T AR R R R
HMAH—EMHBIER, R 1 fikx#k
WRA— PR XARE R A
YT R AR IE S R B R S R A
ERKHEmW. Hit, A7 ES 7 RERE
WIS 5 7 AR SE R A E R AR R E
3 R EMERREOX - EERNR. H
BT PPRHR B S A — 4 7 1 R AR gk PR AR
W RETITER A KA

A T HEH R T b AR R AR 38 11 35 R
bermEn, THIAZEE, #HF%
BRAETREEBER, FHHETHT
AR R R B X — B R T R
) R 5T R ERLE S R A

2 BT R R RS

B T T p = Pe
ER) i ZIBE 2,

Vip+kip=0 (1)
ok =00 BB

e ST o, SRR

— TR
@p_1&p__ b ﬁ(az_p) Q)
ox?  ¢? of pctot ox?

Heb p W% E, bR RERE, £ MR
MR WA p = pee®en , HAp EFRE

W BREBAAN ) R, Bk (B

RI—G6ED A
. 2 2
P bo 3; . bw :
c 2pc 2pc

o AN KRR, B BN
WM T, R W BATRRA:

k=k+ix 3)
TE W WA B R A S BB p = poeE
= pee o0 ERERP (FHBH) . XU
BFERE Z BB TR

Vip+kip=0 @)
i (4) A (O Krrsn: R B
Y BB P 9 6 . 1 O R 5 TR IR M A B G A
FwARARAERA LREEHAN, IR
TS RGE B =k +ix BT HH k. HX
REEE T BB REAN R LR
B, HPEE b R oA B Btk i
p = poe e FIHER AL BB RF I, IR
B RS TP BB p = pee™reiteen
R (GGEWR) 4. XA R A ERIR M 1R
H A, FEAREERE A T 15 4%
(ISP p = poe ™o KB FTE R TR B i 3t
— Y TR R

3 —HBRETRENEBER

—fBRETRANGHIE 1 i,
P P T A B R RS AT R AT
o EEDHN o H py s HEESHN dy
Md,, FEBA—BERELSE CGRBD H#E
FERNE RS R ps Ml dy» PRILET A KR A
N. % HBRETREET KT, K%
FER po o 1T 2RI B BE P I P 1
MBEENMEL, FTURBESFRRN
PR, TOAE B2 AR B3
B R AR R R B AN 0 Rl i, o 52—
BB TR B i LA



HEFEoH

RIME 5 B REER RS B R R R R 461

“EART MEBHBAATIR: —E#
HROEE RS, R OET
W RERERER. TENE THS,
WM IEAST

PoPi1P2P1P2 " P2P3P2r " P2P1P2P1Py
—_—
Bl —#BRS TR

VO H B IRAE A T R x g
%, EXBREEKIHATHSARE M j A
W x BIE 507 AR SRR 2 BN -

p; = B(x)e—iwt — (Aieik,-x + B‘_e—ik,-x)e—imt .

pj — Pj(x)e—imz - (Ajeik,»,»x +Bje—ik,x)e-iw;

i j AR R R R R SE A A
u = Ui (x)e—iwt - L(Aieik,-x —B,-e‘”"”‘ )e—iwr .

uj — Uj (x)e—imt — _I_(Ajeiij _ Bje—ik,-x)e—iwt
i

EEAF PRAFREF e, AL,

FIANZHERBER P RFR BB RN

Hpig-¢

N Aieik;x
P =
' l:Bie_ikix:l (5)
AR P Wit — ARG A
%P, P. P ALIETRN:
P=M,F, ©)

M, J—A 2x2 %iRE, B “RG WEBLE
M. EIBWEEAN B ROREN, 1
R BN M, T HER P (0 AR
BRI U Ll s 4 14
B, WE 2. ERESE

Aieik,-x +Bie—ilc,x =Ajeiij +Bje—iij

%(Aieiklx - Be )= ZL (4,e%* — B;e™™*)

J

Hork Z=pe Yo P FREG P ML AR _E PSR M, <

Z,+Z, Z,-7,
1| Z Z;

T z,-2, Z,+7, @)

- Z; Z,

UIRRAR BB EREY d RN RED

% By B, B RIR ALY kd | ELEE B4 G

7583

- - e ikd 0 |-
R=Gz=[ WJB ®)

M

0 ¢

HE 1 TH, —SBREFRENERER
M' R
M’ =MuGM,G,M,, --- MGMs,
- MLGM, GM ®

HP My Mo My My My My, H
(1 R&H, G. G- G # B RAE.
BEEBAEFREMEIRERIZE, RTEG
P G Bk k =k +ic, G, FH kBN
fop =k, +ir, ATUAT

i BAR j BRI

Aeh 4t

A 4
v

A
A

B,- e—ik,x Bj e—n‘k X

Z = pi Z;,=p;

B2 FimaeBEkE

PG EHER B =[4e™ ,Be ], N
&%?[‘E—J E}‘J%E?E 131\1 =[A1veik°x, 0] ’ )ﬂJJ:
E):M/ﬁ;le:Ml/l Mllz}é’v (10)
My My,
B (10) XA/1s, —%HBRETFRAEEH R
LR | RS RELAE || 8
= Bo|_|Ma

11
w "y Y

Ay 1
Al -
A() Mll



462 Zﬂff

20094 11 A

B (1) ~ (1) X7 v E A R
BT — B T RIERES R YO R
RH, ATEF MR RO —4E B 6 75 F
PRI R

4 —HERRETRIENRBR

WEME. B, BRCHRKN SR
MAPABKBEE?H Hh: p =1180kg/m?,
p, =1850kg/nt, p,=1060kg/ne , p, =1000kg /17,
¢=2535m/s, ¢=2750m/s, ¢=2350m/s,
¢, =1488m/s « B AL HE £, =10000Hz ,
WA BT L A JR2A e P iR D 2 A
d=alfer m=alfy, day=clfy. B
di=(1/2)4ys dy=(1/2Ddgy» dy =15 AT
WRFE, SINA—UERER g=x /k,
FAMEBLE «/k~x, /ky, FHE2H
T HE IR — R BN 7 AR 0 B B o
SREAIERI M.

4.1 TEABRGENOER

JARA% N B 6, HE S RO SR
RYEEH R AR g IR [ AR
R, Wk 3 AE 4 Fir.

B3R BT BRSNS RN
HE], A5 A S000HZAL 3L T GRIGHE. B
KRBT — b R R B g i3 T R PR, g
££0~0.002 JEFE MG ERLRHE. E/EE
A — I R B gt — P 1, BRFAEOE
B, MIH—HEB RS mEl0.01 B,
BRFEELEIH R

B 4 WA BT BRERF BN ST
Fafe], SUE N SO000HZ At L 7 Hpais, Bt
PR BE I — L R g 88 o i L T ek
55, g {F 0~0.002 JEFE A GREAELILER .
EREE H— RS g Wt — DK, %
W TR P, REEEMARHE. 4
H— LR R g HInE) 0.01 B, BRBAEL

0.8

0.6 4
= 6000

0.002
0.004 - f/Hz

g/(xlk) 0.008
)00

0.01 4

B3 S RMET R AR
2544 3 Uk

0.8
0.6

" 0.4
0.2

0

000
" 9% 0,004 g 006 .00 4500 500{;566
g/(xlk) W f/Hz
B4 RS REBEN— bR R ERE

A LR

ATH—PEHREERA =R
AR FFIE, g HIHg =0 CERBO.
g=0.002, g=0.005 1EE3H &4 =)
B, AT 73 2k B AL RE AR Yy M S i 28, 4
BIstnEe. EsSHElehas. THLk. Mk
SRR g = 0. g =0.002. g=0.005 &M

HESA A EEFHET, Yg=0 (G
WY B, BREERREE R, HEEEN
15Hz. g = 0.002F, &R e = & oy
0.43, H¥ mEIEKA3SHz, Zg = 0.005Hf,
BRI R 022, HEE RN
60Hz.

HE6M 4. ERFET, Mg =0 (%
RO B, BB RIE AE R0, HEmEA



%28 5% 61

RIE % BT RGO S0 R AR i 463

5SHz, ZEHTEN . 2 g=0.002 B, B
BB AETT R0.55, ¥ = 516k 4 20Hz,
BT EEHR0.97, X4 g=0.005 K, BEE
RIEAES0.7, HEEEHE A N42Hz, 27
T e F%410.92.

1
08
i
0.4
02

4950 5000 5050 5100
fMHz

Bl S BB A R il 2k

08 £=0.005
0.6

"oy
0.4 g=0.002
02} g=0

4950 5000 5050 5100
fHz

B 6 SRFRBEMER AW Hhik

4.2 WM REERNER

R RS N HE R
BRI R T, BRI 7 AR 00 R B 5
RIAR LB IR Y R PR B AL . TSR R £,
i, ¥R g=0.0005 , 4 HlHEH AL,
7+ 8 I 75 S IR R S5k v ik P A i A7 48 11 iy
REfig, mE7MES, ZEE7TAEsH L.
L. ML HHNN=6. 7. SHTESL.

B 7R A 7R I P A A AR AL
SHRFEBE R MR K. UN =68T, B
e 40.75, AR EH20Hz o UN=T B,
BRI PR 052, HEARMON
10Hz . 4N=8 I, GREAREHTIERFEH0.26,
H¥ = 5 b A 6Hz.

B I8 RI A 7E R R A AR b

STRFER AR BB K. SN =68, HRIGHE
IR 026, HEERAI2HZ - HN =7
i, BRI A T 047, HAERERD
AS5Hz . ¥N=8 B, BIEEKE LT 40.74,
w5 /b A3Hz,

1
0.8
0.6

I
04

0.2

4950 5000 5050 5100
fMHz

K7 SEEEBESR MmN (N=6. 7. 8)

1

038 N=38
06 N=7
|7 N=6

0.4

0.2

4950 5000 5050 5100
fMHz

B8 BRFAKIBESIAE MR L (N =6. 7. 8)

B o, bk sk RS TR R HOH A
BB S RAER ERBUR
— B8 WOAER YA R PR
p = pee e TR Wi I H T e R
2, BRI B A T e BRE
Rl stk 5 e 5 B A (B (R R T S R B
M JRERE x, T REREIEL T A
IXFERR SR T o e 5 1 B S o AR R A
BT SR

5 &g
FEGEE BN, BEHEETE

FERAMBRE I —f B2 T RIENES
B, HET AR ARNE TR AR



464

LYE

2009 £ 11 B

RSB SRR R . Bl LA
R, BRI TR
)38 SRR R S 35 R R R B R B
W, R PR A B B 0 — AL S R U 38
RIS, R TR T — LR R
iR DA ERE L —E R,
FARAEON — Y B IR 7 F S AR 38 S R S
BRI B BRI W, SRR
{ELFI 58 2 A0 Bl 3 3 80 8 i TR -
BT T SRR RO — 4B 2k A
TRARREEEEREHAZW, HkER
HA—%BRFETRERTTEESEMN GBEK
&) I, BHFENHERE T BRI
—EERR, FRBHS LM aHER.

$ £ X W

[1]  Ei Yablonovitch. Inhibited spontaneous emission in solid —
state physics and electronics. Phys. Rev.Lett. 1987, 58(20):
2059-2061.

[2] Sajeev John. Strong localization of photons in certain
disordered dielectric superlattices. Phys. Rev.Lett.1987,
58(23): 2486-2489.

[3] Kushwaha M S ,Acoustic band-structure of periodic elastic
composites. Phys. Rev.Lett. 1993, 71(13): 2022-2025.

(4]

(3]

(6]

(7

(9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
(17]

Pi-Guang Luan,Zhen Ye.Acoustic waves propagatin in 1D
mutilavered system. Phys. Rev. E 2001, 63: 066611-066622.
Jesen ] S. Phononic band gaps and vibrations in one- and
two-dimensional mass-spring structures. Journal of Sound
and Vibration, 2003, 266(5): 1053-1078.

Wang Gang, Yu Dianlong, Wen Jihong, One- dimensional
phononic crystals with locally resonant structures. Physics
Letters A, 2004, 327(5-6): 512-521.

Martin H, Small-size sonic crystals with strong attenuation
bands in the audible frequency range, Applied physics
Letters 2004, 84(17): 3364-3366.

Hou Zhilin, Fu Xiujun, Liu Youyan. Singularity of the
Bloch theorem in the fluid/solid phononic crystal. Physical
Review B, 2005, 71(2): 024304-024309.

Benchabanel S ,Khelifl A,Choujaul A, Interaction of wave
guide and localized modes in a phononic crystal
Europhysics Letters, 2006, 72(4): 570-575.

HAE, Eaig, AR —ERAPENETRIEE
SHER AR, ME R, 2006, 55(12): 6470-6473.
B, TR, WRR. BTEIRBEN—EF TR
HEPEBHERITE, MR, 2004, 53(10): 3384-3387.
ORI, R, BEN. BEE %5 TRk
B BT, HIFEEAR, 2006, 55(9): 4744-4747.

X ERE, —HE T RAOEREE, ATREER, 2008,
37(1): 179-182.

X B, 0B 1 SIS ER B R R B S e s,
2008, 27(3): 117-120.

KK, BRSSPSR, B2 HARAL, 2004 f: 17.
TR, RAEHEISER, BE2HRAL, 2004 RR: 30.
W, KERX, A¥RE, a7 Tl 2006 FRGE
+h): 615.



